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Claims 

1. A fuel assembly characterized by the fact that in a fuel 
assembly for a light water cooling atomic reactor having water 
rods, the water rods, which can adjust the coolant flux in a flow 
passage,' in which a coolant flows, around fuel rods without 
extracting the fuel assembly charged into the reactor core from 
the reactor core are installed. 

2. The fuel assembly of Claim 1 characterized by the fact 
that as a method for adjusting the coolant flux, conical flux 
adjustment parts of the lower ends of the water rods are 
installed; that the water rods and the flux adjustment parts are 
connected through springs and lower fuel support members; that 
cross shaped groove parts with different depths are installed at 
the upper parts of the water rods; that the above mentioned water 
rods and the flux adjustment parts are vertically moved, so that 
the coolant flux is adjusted. 

Detailed explanation of the invention 



Industrial application field 

The present invention pertains to a light water cooling 
atomic reactor fuel assembly and in particular, a fuel assemble 
suitable for the improvement of the economical efficiency of a 
fuel by changing the ratio of liquid to vapor in a coolant flow 
passage part at the first half stage and the second half stage of 
the fuel combustion by adjusting the coolant flux of the coolant 
flow passage part. 
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Background of the invention 

Figure 4 is an illustrative diagram showing the entire 
constitution of a conventional fuel assembly for a boiling water 
atomic reactor. Figure 2 is a cut cross section showing the lower 
main parts. 1 is a fuel rod. 2 is a water rod. 3 is a lower tie 
plate. 4 is a lower end plug of the fuel rod. 5 is a lower end 
plug of the water rod. 6 is a coolant flow inlet of the water rod 
2. 7 is a coolant outlet of the water rod 2. The fuel rod 1 and 
the water rod 2 are respectively supported by the lower tie plate 
3 through the lower end plug 4 of the fuel rod and the lower end 
plug 5 of the water rod. 

The coolant flow inlet 6 and the coolant flow outlet 7 of 
the water rod 2 of the fuel assembly are constituted by holes 
with such a size that the coolant flows to a degree that vapor 
voids are not generated in the water rod 2. 

Such a boiling water atomic reactor is mentioned below as an 
example. In the output distribution in the axial direction, since 
the void rate (volume ratio occupied by vapor) increases toward 
the top, the thermalization of neutrons at the lower part of a 
reactor core is greater (since the void rate is lower and the 
neutrons are slowed to a great extent), compared with the upper 
part of the reactor core, and the output peak is distorted to the 
lower part of the reactor core. Also, within the cross section of 
the reactor core, in the output distribution, owing to moderation 
of a bypass part, thermal neutron density increases near the fuel 
assembly. For this reason, the output peak is generated in the 
fuel rod near the fuel assembly. 

In the current reactor core design, in terms of securement 
of fuel soundness and improvement of the plant utilization rate, 



a design for lowering the output peak as much as possible in the 
fuel assembly is being researched. In order to suppress the 
output peak near the fuel assembly, it is necessary to raise the 
output in the central part. Without charging fuel in the central 
part of the fuel assembly, the rods, through which only the 
moderator passes, that is, the water rods are used. 

As a result of recent fuel technique developments, as a PCI 
(fuel-cladding tube interaction) measure, such as barrier fuel has 
been developed, output distribution flatness in the fuel assembly 
is not now required, and linear output density can be raised into 
the range where the soundness of the fuel can be maintained. In 
such a reactor core, new reactor core designs are considered. 

As one of them, a spectral shift opera tion is considered. In 
this~operation, the ratio of vapor void rate in the reactor core 
is increased, or the ratio of the coolant is decreased, so that 

he slow-down of neutrons due to the moderator (in the light 
water cooling atomic reactor, light water is utilized as a 
coolant and a moderator) is weakened thereby hardening the energy 
spectra of the neutrons (increasing the ratio of high energy 
neutron f lux) . As a result, the absorption reaction of the high 
energy neutrons is increased. Thus, plutonium generation due to 
high energy neutrons is increased, and the economical efficiency 
of the fuel can be improved by burning the plutonium. 

As a means for changing the vapor void rate and the coolant 
ratio, a method that increases and decreases the total reactor 
core flux and a method that inserts a filler into the water rods 
or bypass area are considered. 

A pressurized water atomic reactor is mentioned below as an 
example. A water discharge rod for discharging a coolant without 
including a high neutron absorber is adopted in a control rod. In 



the pressurized water reactor, the control rod for discharging 
water is inserted into the reactor core at the initial stage of 
combustion, and the ratio of water to uranium is reduced, so that 
the amount of plutonium being generated is raised by the spectral 
shift effect. During the second half of the combustion cycle, the 
control rod is extracted from the reactor core, and the ratio of 
water to uranium is increased so that reactivity is raised. 

Also, in the method for operating the atomic reactor 
utilizing the spectral shift of neutrons by increasing the ratio 
of vapor voids in the reactor core, the vapor voids in the water 
rods in the fuel assembly are filled at the initial stage of the 
fuel combustion, and the accumulation of plutonium is increased 
by a spectral hardening of the neutrons. During the second half 
stage of the combustion cycle, the coolant is filled into the 
above mentioned water rods, and the reactivity is increased. 
Furthermore, in the fuel assembly for an atomic reactor including 
at least one water rod, through which the coolant can pass, the 
flux adjustment part, which can adjust the amount of vapor void 
being generated by adjusting the inflow amount of said coolant 
by the above mentioned water rods, is furnished. 

In a boiling water atomic reactor, voids are generated 
during, the operation of the atomic reactor, and in a fuel 
assembly operated at a high void rate, the neutron spectra are 
more hardened that those of a fuel assembly operated at a low 
void rate, so that the accumulation of plutonium is increased. 
The effect is increased in proportion to the combustion period at 
a high void rate. 

In the above mentioned reactors, the vapor void rate in the 
water rod, which is one of the constituent materials of the fuel 
assembly, at the initial stage of fuel combustion is increased, 



so that the accumulation of plutonium is increased. During the 
second half stage of the combustion, the void rate is made zero, 
and neutron moderation is increased, so that the reactivity is 
increased along with the accumulation effect of plutonium. 
Thereby, the fuel assembly can increase the degree of fuel 
combustion . 

As mentioned above, as the invention utilizing the spectral 
shift of the neutrons by changing the void rate in the reactor 
core, there is a method that increases and decreases the total 
flux, a method that discharges water of the bypass area, and a 
method that changes the flux of the water rods. However, there is 
no method that changes the coolant flux of the fuel flow passage, 
which is a flow passage of the coolant near the fuel rods in a 
fuel assembly unit. 

Objective of the invention 

The objective of the present invention is to provide a fuel 
assembly that improves the economical efficiency of a fuel by 
increasing the neutron spectral shift effect by installing water 
rods that can adjust the coolant flux in a flow passage, in which 
a coolant flows, near fuel rods without extra ^tlng_the fuel 
assembly charged into a reactor core in a light water cooling 
type atomic reactor. 

Outline of the invention 

The boiling water atomic reactor mentioned below as an 
example. Voids are generated during the atomic reactor operation, 
and for this reason, the slow down effect of a moderator is 
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lowered, so that neutron spectra are hardened. Therefore, in a 
fuel assembly operated at a high void rate, the neutron spectra 
are hardened, compared with a fuel assembly operated at a low 
void rate, and the absorption reaction of high energy neutrons is 
increased. As a result, the accumulation of plutonium is 
increased. The accumulation is increased in proportion to the 
combustion period at a high void rate. 

Accordingly, during the charge period of the fuel assembly 
into the reactor, during the first halfof the cycle, the increase 
of plutonium generation is promoted by burning at a high void 
rate, and during the second half of the cycle, the void rate is 
lowered. Thus, utilizing the contribution to the reactivity by 
the plutonium generated, the reactivity of the atomic reactor is 
raised and the degree of combustion is increased. This is the 
neutron spectral shift effect. 

In order to increase the reactivity by the spectral shift 
effect, the void rate is increased by decreasing the flux during 
the first half of the operation cycle, and the void rate is 
decreased by increasing the flux during the second half of the 
operation cycle. According to the conventional method, for each 
fuel assembly, since the void rate is decreased during the second 
half of the operation cycle of the entire reactor core residence 
period, the generation efficiency of plutonium is lowered. 

Figure 3 shows a change in the degree of combustion of an 
infinite multiplication factor signifying reactivity. In the 
figure, using the method that adjusts the total reactor core flux 
per cycle, a loss is caused in the effect of the spectral shift 
to the increase of reactivity. 

In the present invention, in order to remove the loss of the 
spectral shift effect, a method, which, can adjust the coolant 
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flux at each fuel assembly unit, is given. 
Application example of the invention 

The application example of the present invention is shown 
below. 

Figure 1 shows an entire constitution (conceptual diagram) 
of the fuel assembly of the present invention. In Figure 1, 1 is 
a flow passage in which a coolant flows and fuel rods exist. 2 is 
a water rod of the present invention. 3 is a lower tie plate. 8 
is a flux adjustment part installed on the water rod, which 
adjusts the coolant flux flowing in the fuel assembly. 9 is a 
spring for giving an elastic force to press the water rod against 
an upper tie plate. 10 is the fuel support part of the lower tie 
plate. 11 is an upper tie plate. 12 is a water rod fixing part 
for fixing the water rod at the upper tie plate. 

In the conventional fuel assembly (Figure 4), the coolant 
Introduced into the lower tie plate of the fuel assembly always 
flows through a fixed size flow passage near the fuel rod. For 
this reason, the neutron spectral shift operation by adjustment 
of the coolant flux is carried out by changing the total reactor 
core flux. Since the total reactor core flux is generally changed 
by decreasing the flux during the first half of the cycle and 
increasing the flux during the second half of the cycle, a loss 
is caused in the plutonium conversion efficiency of each fuel 
assembly. The purpose of the present invention is to offer a 
method that adjusts the coolant flux for each fuel assembly to 
remove the loss in the plutonium conversion rate. The fuel 
assembly remains for several cycles in the reactor core, and 
recent boiling water atomic reactors are designed so that the 
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fuel assembly is not moved by shuffling, if possible. For this 
reason, it is necessary for the method for adjusting the coolant 
flux for each fuel assembly to operate in a state, in which the 
fuel assembly is charged into the reactor core, from the upper 



In the fuel assembly (Figure 1) of the present invention, 
the water rods penetrate into the upper tie plate and the lower 
tie plate (fuel support parts) and always receive an upward force 
from the spring force on the lower tie plate. On the other hand, 
cross shaped cuts are inserted into the upper ends of the water 
rods as shown in Figure 6. Also, a bar is fixed to the water rod 
penetration part in the upper tie plate, as shown in Figure 6, 
along the diameter of a hole. The depth of the cross shaped cut 
in the upper end of the water rod varies per 90° direction. When 
shallow cut and the bar of the water rod penetration part are 
meshed, the water rod is fixed at a position lower than the tie 
plate and the flux adjustment part installed at the lower end of 
the water rod narrows the flow passage of the coolant flow inlet 
of the lower tie plate. Pressure loss is increased, thereby 
decreasing the coolant flux flowing in the fuel assembly. Also, 
when the deep cut and the bar of the water rod penetration part 
are meshed, the water rod is fixed at the position higher than 
the tie plate and the flux adjustment part installed at the lower 
end of the water rod widens the flow passage of the coolant flow 
inlet of the lower tie plate. Pressure loss is reduced, thereby 
increasing the coolant flux flowing in the fuel assembly. 

Figure 5 shows states in which the coolant flux flowing in 
the fuel assembly varies. 

Figure 5(1) shows the case where the shallow cut and the bar 
of the water rod penetration part are meshed and the inflow 



part of the reactor core 
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coolant flux is decreased. Figure 5(2) shows the case where the 
deep cut and the bar of the water rod penetration part are meshed 
and the inflow coolant flux is increased. 

Figure 6 is an illustrative diagram showing the water rod 
penetration part in the upper end of the water rod and the upper 
tie plate. 2 is a water rod. 11 is an upper tie plate. 13 is a 
shallow cut. 14 is a deep cut. 15 is a water rod penetration 

part. 16 is a bar. 

The water rod can rotate in the diameter direction, and the 
depth of the cut, which meshes with the water rod penetration 
part, can be changed by rotating 90° after pressing the water rod 
from the upper direction to the lower direction. 

Effect of the invention 

According to the present invention, in the light water 
cooling atomic reactor, water rods, which can adjust the coolant 
flux in the flow passage, in which the coolant flows, near the 
fuel rods 'without extracting the fuel assembly charged into the 
reactor core, are installed. Thus, the following effects are 
exerted. 

If the fuel assembly is operated at a high void rate, the 
neutron spectra are hardened, and the accumulation of plutonium 
is increased. In the spectral shift operation, the plutonium 
accumulated is utilized in the end stage of combustion. The 
reactivity effect increases in proportion to the operation period 
at high void rate. 

In the spectral shift operation by conventional flux 
control, since the coolant flux is increased and decreased per 
cycle, the operation period at high void rate is decreased, and a 



loss is caused in the spectral shift effect. However, in the 
present invention, since spectral shift operation is possible for 
each fuel assembly, the spectral shift effect can be utilized at 
maximum. 

Brief description of the figures 

Figure 1 is an illustrative diagram (conceptual diagram) 
showing the entire constitution of the fuel assembly of an 
application example of the present invention. Figure 2 is a cut 
cross section showing the lower main parts of Figure 1* Figure 3 
is a characteristic diagram showing the effect of the present 
invention (change in the degree of combustion of the infinite 
multiplication factor) . Figure 4 is an illustrative diagram 
showing the entire constitution of a conventional fuel assembly 
for a boiling water atomic reactor. Figure 5 is a principle 
diagram showing the coolant flux adjustment in an application 
example of the present invention. Figure 6 is an illustrative 
diagram showing the upper end of a water rod and a water rod 
penetration part. 

1 Fuel rod 

2 Water rod 

3 Lower tie plate 

4 Lower end plug of the fuel rod 

5 Lower end plug of the water rod 

6 Coolant flow inlet of water rod 2 

7 Coolant outlet of water rod 2 

8 Flux adjustment part 

9 Spring 

10 Fuel support part 
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11 Upper tie plate 

12 Water rod fixing part 

13 Shallow cut 

14 Deep cut 

15 Water rod penetration part 

16 Bar 




Figure 1 
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Key; 1 Infinite multiplication factor 

2 Small bundle flux 

3 Large bundle flux 

4 Present invention 

5 Ratio of water to uranium 

6 During the first cycle 

7 During the second cycle 

8 During the third cycle 



Key: 1 
2 



Low flow rate 
High flow rate 



